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[57] ABSTRACT 
There is disclosed a blood pressure measuring instru 
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ment which utilizes a standard. cuff, a bulb for manually 
pumping up the cuff pressure, and a bleed hole which 
allows the cuff pressure to decrease at the rate of a few 
mm Hg per second. A single pressure transducer is in 
communication with the cuff interior and its output is 
sampled at a rate much higher than that of the blood 
pressure pulses. The sampled data, representing the 
occluding pressure which is being pumped up or bleed 
ing down, with blood pressure pulses superimposed on 
it, are used to monitor the pump-up procedure and to 
determine when the artery is completely occluded, to 
analyze each blood pressure pulse for validating it and 
for measuring its amplitude, to determine systolic pres 
sure only if the pulse amplitude sequence is a valid 
sequence, to determine diastolic pressure by comparing 
decreasing average pulse amplitudes with a threshold 
level dependent upon maximum pulse amplitude data, 
and to determine pulse rate in accordance with the 
number of pulses detected during a ?xed time interval. 
A display circuit guides the operator as to the steps he 
must take in accordance with the present system state, 
and it displays both error messages and measurement 
values. The high reliability of the system is a conse 
quence of the particular methodology employed during 
each processing step; the high sampling rate allows the 
system to follow instantaneous pressure changes, and 
the various analytical routines take full advantage of 
this capability. 

20 Claims, 23 Drawing Figures 
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1 

METHOD FOR PERFORMING NON-INVASIVE 
BLOOD PRESSURE AND PULSE RATE 

MEASUREMENTS 

This application is a division of my application Ser. 
No. 064,194, ?led on Aug. 6, 1979 now U.S. Pat. No. 
4,271,844. My invention relates to methods and appara 
tus for the non-invasive detection of arterial blood pres 
sure and pulse rates, and more particularly to instru 
ments which perform the measurements automatically 
and in a highly reliable manner, which application is a 
continuation-in-part of my application Ser. No. 000,499, 
?led J an. 2, 1979 now abandoned and entitled “Method 
and Apparatus for Non-Invasive Detection of Arterial 
Blood Pressure and Pulse Rate, and Monitoring the 
Results of Analysis Apparatus”, and a continuation~in 
part of my application Ser. No. 774,970, filed Mar. 7, 
1977 now abandoned and entitled “Method and Appa 
ratus for Non-Invasive Detecting of Arterial Blood 
Pressure and Pulse Rate, and the Monitoring of De 
tected Results” (the former being a continuation-in-part 
of the latter), both of which applications are hereby 
incorporated by reference. 
The oldest and most widely used technique for mea 

suring the blood pressure of a patient is to completely 
occlude an artery by a pressurized cuff whose pressure 
is then allowed to bleed down. A mercury manometer is 
used to determine the pressure in the cuff, and a stetho 
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scope is utilized to listen for Korotkoff sounds. The cuff 30 
pressures when particular types of sounds are heard are 
indications of systolic and diastolic ‘pressures. The vari 
ous methods based on listening for Korotkoff sounds 

2 
are inherently inaccurate, especially when measuring 
diastolic pressure since what is required is a determina 
tion of the disappearance of sound as it gradually fades 
out. Even systolic pressure determinations are inaccu 
rate because what is often thought to be a ?rst pressure 
pulse, and sometimes even a second pressure pulse, are 
nothing more than artifacts which do not represent a 
flow of blood through the still fully occluded artery. A 
mean error of :8 mm Hg can be expected in readings 
of systolic and diastolic pressures based on Korotkoff 
sounds. (Best and Taylor, Physiological Basis of Medical 
Practice, 9th Edition, Chapter 7, page 3-151.) Nor are 
present-day automatic instruments based on Korotkoff 
sounds any more reliable. Not only is it dif?cult to 
monitor electronically a fading sound, but the method 
ologies employed do not provide consistent, reliable 
results. 
Other measurement approaches have met with 

equally little success. With respect to oscillometric 
methods, it is very dif?cult to determine diastolic pres 
sure because one has to look for changes in oscillations 
of a mercury column, and they are barely noticeable 
with narrow-width pressure pulses. Hot-wire anemom 
eter-type transducers offer somewhat better accuracy, 
but they require the use of two cuffs (occluding and 
sensing, in which the pressure in the sensing cuff is 
maintained constant). One of the shortcomings of these 
and other prior art devices is that two transducers and 
associated electronics are required. 

Representative prior art, in addition to the Best and 
Taylor text referred to above, are the following: 

U.S. Pat. No. Date Inventor Title 

2,827,040 March 18, 1958 S. R. Gilford Automatic 
Sphygmomanometer 

3,224,435 Dec. 21, 1965 M. Traite Method of Measuring 
Blood Pressure 

3,229,685 Jan. 18 1966 D. L. Ringkamp Blood Pressure 
et al Measuring 

3,480,005 Nov. 25, 1969 W. C. Edwards Apparatus for Measuring 
Blood Pressure With 
Plural Brake Controlled 
Indicators 

3,581,734 June 1, 1971 M. E. Croslin et a1 Sphygmomanometer 
3,742,937 July 3, 1973 B. Manuel et a1 Cardiac Monitor 
3,742,938 July 3, 1973 T. J. Stern Cardiac Pacer and 

Heart Pulse Monitor 
3,814,083 June 4, 1974 I. C. Fletcher Apparatus and Method 

et a1 For Processing 
Korotkov Sounds 

3,841,314 Oct. 15, 1974 R. E. Page Pulse Activity 
Indicator 

3,885,551 May 27, 1975 H. L. Massie Artifact Rejection 
For Blood Pressure 
Monitoring 

3,894,533 July 15, 1975 R. L. Cannon Vital Sign Trend 
Intuitive Display 
System 

3,903,872 Sept. 9, 1975 W. T. Link Apparatus and Pro 
cess For Producing 
Sphygmometric Infor 
mation 

3,978,848 Sept. 7, 1976 D. H. Yen et al Monitoring Apparatus 
And Method For Blood 
Pressure and Heart 
Rate 

4,009,709 March 1, 1977 W. T. Link at al Apparatus and Pro 
cess [For Determining 
Systolic Pressure 

4,074,711 Feb. 21, 1978 W. T. Link et al Apparatus And Pro 
cess lFor Determining 
Systolic Pressure 



3 
Other Publications: ~ . . 

,. 1. LA. Geddes-et al-“The Meaning of the Pointtof 
Maximum Oscillations in Cuff Pressure in the vIndirect 
Measurement of Blood Pressure, Part1”, Cardiovascu 
lar Research, Center Bulletin, vJuly-Sept, 1969, pages 
15-25. , - . . _ > . >7 . 

2. Physiological Basis of Medical Practice, vNinth 
Edition, John -R.' Brobeck: Chapter 7, Section 3—“ 
Measurement of Blood Pressure and Flow”, pages 
148-163; Chapter 8, Section.3—-;“Control Mechanisms 
of the Circulatory System”, pages 164-188;.Chapter 9, 
Section ,3-—,“Regulation of Systemic and Pulmonary 
Circulation”, pages 189-210. 

‘ 4,538,949" 

_,3.-Gleorge E. Burch——"Sphygmomanometric'Cuff ' 
Size and Blood Pressure Recordings”, JAMA, Sept. 3, 
1973, Vol. 225, No. 10, pages 1215-1218. ~, 

4. Electronic Design, Vol. 24, No. 19, Sept. 13, 1976, 
page28, .‘jSemis invade medicaltransducers; micro 
processors monitor EKG and blood pressure”.. . ,_ t 

5. f-‘Computer Automation of BloodaPressure Mea- 
surements”, Proceedingsof the IEEE, Vol. 63, No. 10, 
October 1975, pages 1399-1403. , -, _ 

The basic problem with most prior artautomated 
blood, pressure measuring instruments is that they look 
for f‘gross” indications, e.g., the presence of apulse 
based upon- a sound level orsome, other ‘parameter 
reaching a detectable level. From a theoreticalstand; 
point, the most accuratemeasurement. determinations 

20 

could be made were the-pressure waveform in the cuff _. 
actually‘ traced out on paper during the. course of a 
measurement cycle, much as is done in the case of ECG 
waveform analysis. The pressure waveform would 
show a decreasing occluding cuff pressure, on which 

30 

bloodpressure pulses are superimposed. Such apaper 
tracqwould 'pwvide to the" physisian themaximum 
amount of information from which systolic and diastolic 
pressures could be determined. If a trace is not to be 
made and an instrument is to perform the analysis, then 

'35.... 

ideally the processing section of the instrument should _ 
be provided with the exact waveform of ‘the pressure in 40 
the cuff. It is" possible?to do this by sampling the cuff 
pressure, at a sufficiently high rate and to then process 
the samples. If the sampling rate is so high that numer 
ous samples are taken during the occurrence of each 
pulse, then from the standpoint of information theory 
the processing section of the instrument will have avail 

45 

able sufficient data from which the complete waveform 
may be reconstructed. 
However, while this general principle may have been _ 

recognized by prior art researchers, they have not em 
ployed effective methodologies in analyzing the sam 
pled data. One problem in this regard is that the analysis 
must be done “on the fly". In the illustrative embodi 
ment of the invention,.a sample is taken approximately 
every 2.5 milliseconds; thus 400 samples are taken each 
second, and an 8k memory would be required to store 
the data for a measurement cycle of 20 seconds—if all of 
the data is to be stored prior to the actual processing 
which determines the'?nal measurement values. A cost 
effective instrument‘ must therefore perform the pro 
cessing as samples are taken without storing a complete 
history of the pressure waveform. The methodologies 
employed‘ in the prior art for performing this type of 
“on-the-fly” processing have not provided accurate or 
consistent results. ' 

For example,'consider the methodology for systolic 
pressure determination disclosed in Link et al US. Pat. 
No. 4,009,709. Link et al theorize that the DC pressure 
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4 
in the cuff (the-value of the slowly changing occluding 
pressure) when there is‘ detected a blood pressure pulse 
whose amplitude isoneshalf of a maximum amplitude 
value represents the systolic pressure, where the maxi 
mum amplitude value is the maximum average ampli 
tude over four successive pulses. In the Link et al instru 
ment, a “slidingaverage” of the pulse amplitude over 
four successive pulses is taken, and a, threshold level is 

. constantly up-dated to equal the maximum sliding aver 
age. Link etalz pump up the pressure continuously. As 
the‘ occluding pressure increases, the pulse amplitudes 
rise and then fall. By using an increasing pressure during 
themeasurement cycle, maximum pulse amplitudes are 
detected before the occluding pressure reaches the rela 
tively :highvalue ‘which represents systolic pressure. It 
is in. thisrway that the threshold level is determined 
before a pulseisractually,v detected whose amplitude is 
less than one-half of the threshold level. The Link et a1 
technique requires a smooth pump-up of the cuff pres 
sure and thus does not allow a cheap, conventional-type 
manually-operatedbulb pump to be used. Onthe other 
hand, it is possible to use a bulb to pump up the pressure 
to a value which completely occludes the artery, and 
then-to allow the pressure to:bleed down smoothly as in 
conventional instruments. But in such a case, the sys 
tolicpressure is reached before the threshold‘ level can 
even be determinedThis, in turn, requires that a consid 
erableamount of data be stored since “on-the-fly” pro 
cessing is possiblettoonly a limited extent. 
,But quiteapartfrom the difficulties in implementing 
such a technique, the Link ‘et; al methodology has not 
proven to provide consistentlycorrect systolicpressure 
measurements. The basic premise of Link et al is that 
thesystolic pressure is the DC cuff pressure when a 
particular'pulse is detected, and that particular pulse is 
the ?rst one in a decreasing amplitude sequence whose 
amplitude corresponds to one-half of the maximum 
amplitude (or, more accurately, the maximum average, 
amplitude over four successive pulses). This criterion 
has not been established, but even were it valid the Link 
et al'system does not take into account the existence of 
artifacts. For example, if a patient moves his arm during 
the course of a measurement cycle and in the process 
squeezes the cuff, there will be a very large pressure rise 
which may control the maximum average pulse ampli 
tude which is used as the threshold value-the thresh~ 
old value and therefore the systolic pressure determina 
tion being completely erroneous in such a case. 
What is important in an automated blood pressure 

measurement instrument is not only the selection of the 
proper criteria for determining systolic and diastolic 
pressures, but also validation of the results. Throughout 
the following detailed description of the invention, it 
will be noted that considerable attention is paid to vali 
dating the measurement cycle. One such example is the 
analysis of each individual pulse; a pulse is not consid 
ered to be valid if its amplitude is too large. Another 
example relates to the determination of systolic pres 
sure. The sequence of pulse amplitudes in the region of 
systolic pressure must be one of plurality of predeter 
mined valid sequences. It is this kind of constant con 
cern for validating the measurement results (both inter 
mediate and ?nal) which contributes to reliable instru 
mentation. 

In the illustrative embodiment of the invention a 
display provided for guiding the operator-physician 
or patien’t—through the measurement cycle. As the 
bulb is used to pump up the cuff pressure, the operator 


































































































